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(54) Method of making soft tissue products. 

(57) Throughdried tissue products such as facial 
tissue, bath tissue, and paper towels are made 
using a throughdrying fabric having from about 
5 to about 300 machine direction impression 
knuckles per 6.45 cm 2 (1 square inch) which are 
raised above the plane of the fabric. These 
impression knuckles create corresponding pro- 
trusions in the throughdried sheet which impart 
a significant amount of cross-machine direction 
stretch to the sheet. In addition, other proper- 
ties such as bulk, absorbent capacity, absor- 
bent rate and flexibility are also improved. 
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In the manufacture of throughdried tissue prod- 
ucts, such as facial and bath tissue and paper towels, 
there is always a need to improve the properties of the 
final product. While improving softness always draws 
much attention, the amount of stretch in the sheet is 
also important, particularly in regard to the perceived 
durability and toughness of the product. As the 
stretch increases, the tissue sheet can absorb tensile 
stresses more readily without rupturing. In addition, 
increased stretch, especially in the cross-machine di- 
rection, improves sheet flexibility, which directly af- 
fects sheet softness. 

Through creping, improved sheet flexibility and 
machine direction stretch at levels of about 15 per- 
cent are easily attained, but the resulting cross- 
machine direction stretch is generally limited to levels 
of about 8 percent or less due to the nature of the tis- 
suemaking process. 

Hence there is a need for a method of increasing 
the flexibility and the cross-machine direction stretch 
of throughdried tissue products while maintaining or 
improving other desirable tissue properties. 

This object is solved by the method of making a 
tissue sheet according to independent claims 1 and 3, 
the method of making a soft uncreped throughdried 
tissue product according to independent claim 9, the 
throughdried tissue sheet according to claims 10 and 
28, the tissue sheet according to independent claim 
34 and the calendered uncreped throughdried tissue 
sheet according to independent claim 39. Further ad- 
vantageous features, aspect, and details of the inven- 
tion are evident from the dependent claims, the de- 
scription and the drawings. The claims are intended 
to be understood as a first non-limiting approach of 
defining the invention in general terms. 

It has now been found that certain throughdrying 
fabrics can impart significantly increased cross- 
machine direction (CD) stretch to the resulting tissue 
product, while at the same time also delivering high 
bulk, increased flexibility, a fast wicking rate, and a 
high absorbent capacity. According to one aspect of 
the invention these fabrics are characterized by a 
multiplicity of "impression knuckles" which may take 
the form of fabric knuckles which are elongated in the 
machine direction (MD) of the tissuemaking process, 
which are raised significantly above of the plane of 
the drying fabric, and which appear to overlap when 
the fabrics are viewed in the cross-machine direction. 
These impression knuckles impart corresponding 
protrusions in the tissue sheet as it is dried on the fab- 
ric. The height, orientation, and arrangement of the re- 
sulting protrusions in the sheet provide increased 
bulk, increased cross-machine direction stretch, in- 
creased flexibility, increased absorbent capacity and 
increased wicking rates. All of these properties are 
desirable for products such as facial tissue, bath tis- 
sue and paper towels or the like, herein collectively 
referred to as tissue products. The tissue sheets 



made in accordance with this invention can be used 
for one-ply or multiple-ply tissue products. 

Surprisingly, it has also been found that the com- 
bination of uncreped throughdrying with high bulkfab- 

5 rics and temporary wet strength chemistry results in 
soft tissue products with superior physical properties 
when partially saturated. Specific properties include 
Wet Compressed Bulk or WCB (hereinafter defined 
and expressed in cc/gm), Loading Energy Ratio or 

10 LER (hereinafter defined and expressed as %) and 
Wet Springback or WS (hereinafter defined and ex- 
pressed as %). Tissues made by this invention are 
unique in their ability to achieve high values for all 
three of these tests simultaneously. These superior 

is properties are achieved because the tissue's wet 
strength is established on the throughdrier fabric, 
while the sheet is in its desired three-dimensional 
configuration. The elimination of subsequent de- 
structive creping ensures that the high bulk structure 

20 established on the throughdriers remains permanent- 
ly, even after partial saturation has occurred. Tissues 
made by this invention exhibit superior integrity dur- 
ing use and are particularly well suited for the incor- 
poration of various aqueous and nonaqueous-based 

25 chemical additives as post-treatments to further im- 
prove performance and functionality. 

Hence in one aspect, the invention resides in a 
method of making a tissue sheet comprising: (a) de- 
positing an aqueous suspension of papermaking f ib- 

30 ers having a consistency of about 1 percent or less 
onto a forming fabric to form a wet web; (b) dewatering 
the wet web to a consistency of from about 20 to about 
30 percent; (c) transferring the dewatered web from 
the forming fabric to a transfer fabric traveling at a 

35 speed of from about 10 to about 80 percent slower 
than the forming fabric; (d) transferring the web to a 
throughdrying fabric having from about 5 to about 300 
impression knuckles per 6.45 cm 2 (per square inch), 
more specifically from about 10 to about 150 impres- 

40 sion knuckles per 6.45 cm 2 (per square inch), and still 
more specifically from about 25 to about 75 impres- 
sion knuckles per 6.45 cm 2 (per square inch), which 
are raised at least about 0.012 cm (about 0.005 inch) 
above the plane of the fabric, wherein the web is mac- 

45 roscopically rearranged to conform to the surface of 
the throughdrying fabric; and (e) throughdrying the 
web. The dried web can be creped or remain uncre- 
ped. In addition, the resulting web can be calendered. 
In another aspect, the invention resides in a 

so throughdried tissue sheet, creped or uncreped, hav- 
ing a basis weight of from about 10 to about 70 grams 
per square meter and from about 5 to about 300 pro- 
trusions per 6.45 cm 2 (per square inch), more specif- 
ically from about 1 0 to about 1 50 protrusions per 6.45 

55 cm 2 (per square inch), and still more specifically from 
about 25 to about 75 protrusions 6.45 cm 2 (per square 
inch), corresponding to impression knuckles on the 
throughdrying fabric, said tissue sheet having a 
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cross-machine direction stretch of about 9 percent or 
greater, more specifically from about 10 to about 25 
percent, and still more specifically from about 10 to 
about 20 percent. (As used herein, cross-machine di- 
rection "stretch" is the percent elongation to break in 
the cross-machine direction when using an Instron 
tensile tester). The height or z-directional dimension 
of the protrusions relative to the surface plane of the 
tissue sheet can be from about 0.01 2 cm (about 0.005 
inch) to about 0.12 cm (about 0.05 inch), more specif- 
ically from about 0.01 3 cm (about 0.005 inch) to about 
0.76 cm (about 0.03 inch), and still more specifically 
from about 0.025 cm (about 0.01 inch) to about 0.051 
cm (about 0.02 inch), as measured in an uncreped 
and uncalendered state. Calendering will reduce the 
height of the protrusions, but will not eliminate them. 
The length of the protrusions in the machine direction 
can be from about 0.076 cm to about 1 .08 mm (about 
0.030 inch to about 0.425 inch), more specifically 
from about 0.012 cm to about 0.95 mm (about 0.05 
inch to about 0.25 inch), and still more specifically 
from about 2.52 mm to about 5.1 mm (about 0.1 inch 
to about 0.2 inch). 

In another aspect, the invention resides in a soft 
tissue product with a WCB of about 4.5 or greater, 
more specifically about 5.0 or greater, an LER of 
about 50% or greater, more specifically about 55% or 
greater, and a WS of about 50% or greater, more spe- 
cifically about 60% or greater. 

In a further aspect, the invention resides in a soft 
uncreped throughdried tissue product with a WCB of 
about 4.5 or greater, more specifically about 5.0 or 
greater, an LER of about 50% or greater, more spe- 
cifically about 55% or greater, and a WS of about 50% 
or greater, more specifically about 60% or greater. 

In still a further aspect, the invention resides in a 
method of making a soft tissue sheet comprising: (a) 
forming an aqueous suspension of papermaking fib- 
ers having a consistency of about 20 percent or great- 
er; (b) mechanically working the aqueous suspension 
at a temperature of about 140° F. or greater provided 
by an external heat source, such as steam, with a 
power input of about 1 horsepower-day per ton of dry 
fiber or greater; (c) diluting the aqueous suspension 
of mechanically-worked fibers to a consistency of 
about 0.5 percent or less and feeding the diluted sus- 
pension to a layered tissue-making headbox provid- 
ing two or more layers; (d) including a temporary or 
permanent wet strength additive in one or more of 
said layers; (e) depositing the diluted aqueous sus- 
pension onto a forming fabric to form a wet web; (f) de- 
watering the wet web to a consistency of from about 
20 to about 30 percent; (g) transferring the dewatered 
web from the forming fabric to a transfer fabric trav- 
eling at a speed of from about 10 to about 80 percent 
slower than the forming fabric; (h) transferring the 
web to a throughdrying fabric whereby the web is 
macroscopically rearranged to conform to the surface 



of the throughdrying fabric; (i) throughdrying the web 
to final dryness and (j) subsequently calendering the 
web to achieve the desired final dry sheet caliper. 
In addition, such tissue sheets can have a Wick- 

5 ing Rate of about 2.5 cm per 15 seconds or greater, 
more specifically from about 2.5 to about 4 cm per 15 
seconds, and still more specifically from about 3 to 
about 3.5 cm per 15 seconds. The Wicking Rate is a 
standard parameter determined in accordance with 

10 ASTM D1776 (Specimen Conditioning) and TAPPI 
UM451 (Capillarity Test of Paper). The method in- 
volves dipping the test specimen edgewise into a wa- 
ter bath and measuring the vertical wicking distance 
the water travels in 1 5 seconds. For convenience, the 

15 specimens are weighted with a paper clip and initially 
submerged one inch below the surface of the water 
bath. 

Further, the tissue sheets of this invention can 
have a bulk of about 12 cm 3 /g or greater, more spe- 

20 cifically from about 12 to about 25 cm 3 /g, and still 
more specifically from about 13 to about 20 cm 3 /g. As 
used herein, sheet bulk is the caliper of a single ply 
of product divided by its basis weight. Caliper is 
measured in accordance with TAPPI test methods 

25 T402 "Standard Conditioning and Testing Atmos- 
phere For Paper, Board, Pulp Handsheets and Relat- 
ed Products" and T411 om-89 "Thickness (caliper) of 
Paper, Paperboard, and Combined Board". The mi- 
crometer used for carrying out T411 om-89 is a Bulk 

30 Micrometer (TMI Model 49-72-00, Amityville, New 
York) having an anvil pressure of 80 grams per 6.45 
cm 2 (per square inch). 

Furthermore, such tissue sheets having a basis 
weight in the range of from about 1 0 to about 70 g/m 2 

35 can have a flexibility, as measured by the quotient of 
the geometric mean modulus divided by the geomet- 
ric mean tensile strength (hereinafter defined with 
reference to Figures 5 and 6) of about 4.25 km/kg or 
less, more specifically about 4 km/kg or less, and still 

40 more specifically from about 2 to about 4.25 km/kg. 

Furthermore, such tissue sheets having a basis 
weight in the range of from about 1 0 to about 70 g/m 2 
can have an MD Stiffness value (hereinafter defined) 
of about 100 kg-um 1/2 or less, more specifically about 

45 75 kg-um 1/2 or less and still more specifically about 50 
kg-uin 1 ' 2 or less. 

Still further, the tissue sheets of this invention 
can have an Absorbent Capacity (hereinafter de- 
fined) of about 1 1 grams of water per gram of fiber or 

so greater, more specifically from about 11 to about 14 
grams per gram. The Absorbent Capacity is deter- 
mined by cutting 20 sheets of product to be tested into 
a 10.16 cm x 10.16 cm (4" by 4") square and stapling 
the corners together to form a 20 sheet pad. The pad 

55 is placed into a wire mesh basket with the staple 
points down and lowered into a water bath (30°C). 
When the pad is completely wetted, it is removed and 
allowed to drain for 30 seconds while in the wire bas- 
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ket. The weight of the water remaining in the pad after 
30 seconds is the amount absorbed. This value is div- 
ided by the weight of the pad to determine the Absor- 
bent Capacity. 

With respect to the use of wet strength agents, 
there are a number of materials commonly used in the 
paper industry to impart wet strength to paper and 
board that are applicable to this invention. These ma- 
terials are known in the art as wet strength agents and 
are commercially available from a wide variety of 
sources. Any material that when added to a paper or 
tissue results in providing a tissue or paper with a wet 
strength:dry strength ratio in excess of 0.1 will, for 
purposes of this invention, be termed a wet strength 
agent. Typically these materials are termed either as 
permanent wet strength agents or as "temporary" wet 
strength agents. For the purposes of differentiating 
permanent from temporary wet strength, permanent 
will be defined as those resins which, when incorpo- 
rated into paper or tissue products, will provide a 
product that retains more than 50% of its original wet 
strength after exposure to water for a period of at least 
five minutes. Temporary wet strength agents are 
those which show less than 50% of their original wet 
strength after exposure to water for five minutes. 
Both classes of material find application in the pres- 
ent invention. The amount of wet strength agent add- 
ed to the pulp fibers can be at least about 0.1 dry 
weight percent, more specifically about 0.2 dry 
weight percent or greater, and still more specifically 
from about 0.1 to about 3 dry weight percent based 
on the dry weight of the fibers. 

Permanent wet strength agents will provide a 
more or less long-term wet resilience to the structure. 
This type of structure would find application in prod- 
ucts that would require long-term wet resilience such 
as in paper towels and in many absorbent consumer 
products. In contrast, the temporary wet strength 
agents would provide structures that had low density 
and high resilience, but would not provide a structure 
that had long-term resistance to exposure to water or 
body fluids. While the structure would have good in- 
tegrity initially, after a period of time the structure 
would begin to lose its wet resilience. This property 
can be used to some advantage in providing materials 
that are highly absorbent when initially wet, but which 
after a period of time lose their integrity. This property 
could be used in providing "flushable" products. The 
mechanism by which the wet strength is generated 
has little influence on the products of this invention 
as long as the essential property of generating water- 
resistant bonding at the fiber/fiber bond points is ob- 
tained. 

The permanent wet strength agents that are of 
utility in the present invention are typically water solu- 
ble, cationic oligomeric or polymeric resins that are 
capable of either crosslinking with themselves (horn- 
ocrossl inking) or with the cellulose or other constitu- 



ent of the wood fiber. The most widely-used materials 
for this purpose are the class of polymer known as 
polyamide-polyamine-epichlorohydrin (PAE) type 
resins. These materials have been described in pa- 

5 tents issued to Keim (U.S. 3,700,623 and 3,772,076) 
and are sold by Hercules, Inc., Wilmington, Delaware, 
as Kymene 557H. Related materials are marketed by 
Henkel Chemical Co., Charlotte, North Carolina and 
Georgia-Pacific Resins, Inc., Atlanta, Georgia. 

10 Polyamide-epichlorohydrin resins are also useful 

as bonding resins in this invention. Materials devel- 
oped by Monsanto and marketed under the Santo 
Res label are base-activated polyamide-epichlorohy- 
drin resins that can be used in the present invention. 

15 These materials are described in patents issued to 
Petrovich (U.S. 3,885,158; U.S. 3,899,388; U.S. 
4,129,528 and U.S. 4,147,586) and van Eenam (U.S. 
4,222,921 ). Although they are not as commonly used 
in consumer products, polyethylenimine resins are 

20 also suitable for immobilizing the bond points in the 
products of this invention. Another class of perma- 
nent-type wet strength agents are exemplified by the 
aminoplast resins obtained by reaction of formalde- 
hyde with melamine or urea. 

25 The temporary wet strength resins that can be 

used in connection with this invention include, but are 
not limited to, those resins that have been developed 
by American Cyanamid and are marketed under the 
name Parez631 NC (now available from Cytec Indus- 

30 tries, West Paterson, New Jersey. This and similar 
resins are described in U.S. 3,556,932 to Coscia et al. 
and 3,556,933 to Williams et al. Other temporary wet 
strength agents that should find application in this in- 
vention include modified starches such as those 

35 available from National Starch and marketed as Co- 
Bond 1000. It is believed that these and related 
starches are covered by U.S. 4,675,394 to Solarek et 
al. Derivatized dialdehyde starches, such as descri- 
bed in Japanese Kokai Tokkyo Koho JP 03,185,197, 

40 should also find application as useful materials for 
providing temporary wet strength. It is also expected 
that other temporary wet strength materials such as 
those described in U.S. 4,981,557; U.S. 5,008,344 
and U.S. 5,085,736 to Bjorkquist would be of use in 

45 this invention. With respect to the classes and the 
types of wet strength resins listed, it should be under- 
stood that this listing is simply to provide examples 
and that this is neither meant to exclude other types 
of wet strength resins, nor is it meant to limit the scope 

so of this invention. 

Although wet strength agents as described 
above find particular advantage for use in connection 
with in this invention, other types of bonding agents 
can also be used to provide the necessary wet resil- 

55 iency. They can be applied at the wet end or applied 
by spraying or printing, etc. after the web is formed or 
after it is dried. 

Suitable papermaking fibers useful for purposes 
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of this invention particularly include low yield chemi- 
cal pulp fibers, such as softwood and hardwood kraf t 
fibers. These fibers are relatively flexible compared 
to fibers from high yield pulps such as mechanical 
pulps. Although other fibers can be advantageously 
used in carrying out various aspects of this invention, 
the resiliency of the tissues of this invention is partic- 
ularly surprising when low yield fibers are used. 

The dryer fabrics useful for purposes of this in- 
vention are characterized by a top plane dominated 
by high and long MD impression knuckles or floats. 
There are no cross-machine direction knuckles in the 
top plane. The plane difference, which is the distance 
between the plane formed by the highest points of the 
long impression knuckles (the higher of the two 
planes) and the plane formed by the highest points of 
the shute knuckles, is from about 30 to 150 percent, 
more specifically from about 70 to about 110 percent, 
of the diameter of the warp strand(s) that form the im- 
pression knuckle. Warp strand diameters can be from 
about 0.013 cm (about 0.005 inch) to about 0.13 cm 
(about 0.05 inch), more specifically from about 0.013 
cm (about 0.005 inch) to about 0.09 cm (about 0.035 
inch), and still more specif ically from about 0.025 cm 
(about 0.010 inch) to about 0.051 cm (about 0.020 
inch). 

The length of the impression knuckles is deter- 
mined by the number of shute (CD) strands that the 
warp strand(s) that form the impression knuckle 
crosses over. This number can be from about 2 to 
about 15, more specifically from about 3 to about 11 , 
and still more specifically from about 3 to about 7 
shute strands. In absolute terms, the length of the im- 
pression knuckles can be from about 0.76 mm to 
about 1 .08 mm (about 0.030 inch to about 0.425 inch), 
more specifically from about 1.3 mm to about 6.35 
mm (about 0.05 inch to about 0.25 inch), and still more 
specifically from about 2.5 mm to about 5.1 mm 
(about 0.1 inch to about 0.2 inch). 

These high and long impression knuckles, when 
combined with the lower sub-level plane of the cross- 
machine and machine direction knuckles, result in a 
topographical 3-dimensional sculpture. Hence the 
fabrics of this invention are sometimes referred to 
herein as 3-dimensional fabrics. The topographical 
sculpture has the reverse image of a stitch-and-puff 
quilted effect. When the fabric is used to dry a wet 
web of tissue paper, the tissue web becomes imprint- 
ed with the contour of the fabric and exhibits a quilt- 
like appearance with the images of the high impres- 
sion knuckles appearing like stitches and the images 
of the sub-level planes appearing like the puff areas. 
The impression knuckles can be arranged in a pat- 
tern, such as a diamond-like shape, or a more free- 
flowing (decorative) motif such as fish, butterflies, 
etc. that are more pleasing to the eye. 

From a fabric-manufacturing standpoint, it is be- 
lieved that commercially available fabrics have here- 



tofore been either a co-planar surface (that is, the top 
of the warp and shute knuckles are at the same 
height) or a surface where the shute knuckles are 
high. A coplanar surface can be obtained by either 

5 surface-sanding or heat-setting. In the latter case, 
the warps are generally straightened out and thus 
pulled down into the body of the fabric during the heat- 
setting step to enhance the resistance to elongation 
and to eliminate fabric wrinkling when used in high 

10 temperatures such as in the paper-drying process. As 
a result, the shute knuckles are popped up towards 
the surface of the fabric. In contrast, the impression 
knuckles of the fabrics useful in this invention remain 
above the plane of the fabric even after heat setting 

15 due to their unique woven structure. 

In the various embodiments of the fabrics useful 
in accordance with this invention, the base fabric can 
be of any mesh or weave. The warp forming the high 
top-plane impression knuckles can be a single 

20 strand, or group of strands. The grouped strands can 
be of the same or different diameters to create a 
sculptured effect. The machine direction strands can 
be round or noncircular(such as oval, flat, rectangular 
or ribbon-like) in cross section. These warps can be 

25 made of polymeric or metallic materials or their com- 
binations. The number of warps involved in producing 
the high impression knuckles can range from about 5 
to 100 per 2.54 cm (per inch) on the weaving loom. 
The number of warps involved in the load-bearing lay- 

30 er can also range from about 5 to about 1 00 per 2.54 
cm (per inch) on the weaving loom. 

The percent warp coverage is defined as the total 
number of warps per inch of fabric times the diameter 
of the warp strands times 100. For the fabrics useful 

35 herein, the total warp coverage is greater than 65 per- 
cent, preferably from about 80 to about 100 percent. 
With the increased warp coverage, each warp strand 
bears less load under the paper machine operating 
conditions. Therefore, the load-bearing warps need 

40 not be straightened out to the same degree during the 
fabric heat-setting step to achieve elongation and 
mechanical stability. This helps to maintain the crimp 
of the high and long impression knuckles. 

Figure 1 is a schematic flow diagram for a method 

45 of making an uncreped tissue sheet in accordance 
with this invention. 

Figure 2 is a plot of CD stretch versus bulk for va- 
rious throughdried bath tissue products, illustrating 
the CD stretch attained with the uncreped products of 

so this invention. 

Figure 3 is a plot of Wicking Rate versus bulk for 
a number of single-ply paper towels, illustrating the 
increase in Wicking Rate attained by the products of 
this invention. 

55 Figure 4 is a plot of Absorbent Capacity versus 

bulk for bath tissue products, illustrating the high ab- 
sorbent capacity of the products of this invention. 
Figure 5 is a generalized load/elongation curve 
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for a tissue sheet to illustrate the determination of the 
geometric mean modulus. 

Figure 6 is a plot of the quotient of the geometric 
mean modulus divided by the geometric mean tensile 
strength (flexibility) versus bulk for facial, bath and 
kitchen towels, illustrating the high degree of flexibil- 
ity of the products of this invention. 

Figure 7 is a plan view of a throughdrying or 
transfer fabric useful in accordance with this inven- 
tion. 

Figure 7A is a sectional view of the fabric of Fig- 
ure 7, illustrating high and long impression knuckles 
and the plane difference. 

Figure 7B is a different sectional view of the fabric 
of Figure 7, further illustrating the weave pattern and 
the plane difference. 

Figure 8 is a plan view of another fabric useful in 
accordance with this invention. 

Figure 8A is a sectional view of the fabric of Fig- 
ure 8. 

Figure 9 is a plan view of another fabric useful in 
accordance with this invention. 

Figure 9A is an enlarged longitudinal section of 
the fabric of Figure 9, illustrating the position of the 
top surface, the intermediate plane and sublevel 
plane of the fabric. 

Figure 10 is a plan view of another fabric useful 
in accordance with this invention. 

Figure 1 0A is a transverse sectional view of the 
fabric of Figure 10 taken on line 10A-10A. 

Figure 10B is a longitudinal sectional view of the 
fabric of Figure 10. 

Figures 11 and 12 are plan views of additional 
fabrics useful for purposes of this invention. 

Figures 13-15 are transverse sectional views 
similar to Figure 7A showing additional fabrics em- 
bodying non-circular warp strands useful for purpos- 
es of this invention. 

Figure 16 is a schematic diagram of a standard 
fourdrinier weaving loom which has been modified to 
incorporate a jacquard mechanism for controlling the 
warps of an extra system to "embroider" impression 
warp segments into an otherwise conventional paper 
machine fabric. 

Figure 17 is a cross-sectional photograph of a tis- 
sue made in accordance with this invention. 

Figure 1 8 is a plot of MD Stiffness versus Bulk for 
a variety of commercial facial, bath and towel prod- 
ucts, illustrating the high bulk and low stiffness of the 
products of this invention. 

Figure 19 is a chart showing the WCB, LER and 
WS for several examples of this invention as well as 
several competitive products. 

Referring to Figure 1, a method of carrying out 
this invention will be described in greater detail. 
Shown is a twin wire former having a layered paper- 
making headbox 10 which injects or deposits a 
stream 11 of an aqueous suspension of papermaking 



fibers onto the forming fabric 12. The web is then 
transferred to fabric 13, which serves to support and 
carry the newly-formed wet web downstream in the 
process as the web is partially dewatered to a consis- 

5 tency of about 10 dry weight percent. Additional de- 
watering of the wet web can be carried out, such as 
by vacuum suction, while the wet web is supported by 
the forming fabric. 

The wet web is then transferred from the forming 

10 fabric to a transfer fabric 17 traveling at a slower 
speed than the forming fabric in order to impart in- 
creased MD stretch into the web. A kiss transfer is 
carried out to avoid compression of the wet web, pre- 
ferably with the assistance of a vacuum shoe 18. The 

15 transfer fabric can be a fabric having impression 
knuckles as described in Figures 7-16 herein or it can 
be a smoother fabric such as Asten 934, 937, 939, 
959 or Albany 94M. If the transfer fabric is of the im- 
pression knuckle type described herein, it can be util- 

20 ized to impart some of the same properties as the 
throughdrying fabric and can enhance the effect 
when coupled with a throughdrying fabric also having 
the impression knuckles. When a transfer fabric hav- 
ing impression knuckles is used to achieve the de- 

25 sired CD stretch properties, it provides the flexibility 
to optionally use a different throughdrying fabric, 
such as one that has a decorative weave pattern, to 
provide additional desireable properties not other- 
wise attainable. 

30 The web is then transferred from the transferfab- 

ric to the throughdrying fabric 19 with the aid of a va- 
cuum transfer roll 20 or a vacuum transfer shoe. The 
throughdrying fabric can be traveling at about the 
same speed or a different speed relative to the trans- 

35 fer fabric. If desired, the throughdrying fabric can be 
run at a slower speed to further enhance MD stretch. 
Transfer is preferably carried out with vacuum assis- 
tance to ensure deformation of the sheet to conform 
to the throughdrying fabric, thus yielding desired bulk, 

40 flexibility, CD stretch and appearance. The through- 
drying fabric is preferably of the impression knuckle 
type described in Figures 7-16. 

The level of vacuum used for the web transfers 
can be from about 75 to about 380 mm of mercury 

45 (about 3 to about 15 inches of mercury), preferably 
about 254 mm (about 10 inches) of mercury. The va- 
cuum shoe (negative pressure) can be supplemented 
or replaced by the use of positive pressure from the 
opposite side of the web to blow the web onto the next 

so fabric in addition to or as a replacement for sucking it 
onto the next fabric with vacuum. Also, a vacuum roll 
or rolls can be used to replace the vacuum shoe(s). 

While supported by the throughdrying fabric, the 
web is final dried to a consistency of about 94 percent 

55 or greater by the throughdryer 21 and thereafter 
transferred to a carrier fabric 22. The dried basesheet 
23 is transported to the reel 24 using carrier fabric 22 
and an optional carrier fabric 25. An optional pressu- 
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rized turning roll 26 can be used to facilitate transfer 
of the web from carrier fabric 22 to fabric 25. Suitable 
carrier fabrics for this purpose are Albany Internation- 
al 84M or 94M and Asten 959 or 937, all of which are 
relatively smooth fabrics having a fine pattern. Al- 5 
though not shown, reel calendering or subsequent 
off-line calendering can be used to improve the 
smoothness and softness of the basesheet. 

In accordance with the invention, the throughdry- 
ing fabric has a top face which supports the pulp web 10 
23 and a bottom face which confronts the throughdry- 
er 21 . Adjacent the bottom face, the fabric has a load- 
bearing layer which integrates the fabric while provid- 
ing sufficient strength to maintain the integrity of the 
fabric as it travels through the throughdrying section 15 
of the paper machine, and yet is sufficiently porous 
to enable throughdrying air to flow through the fabric 
and the pulp web carried by it. The top face of the fab- 
ric has a sculpture layer consisting predominantly of 
elongated impression knuckles which project sub- 20 
stantially above the sub-level plane between the 
load-bearing layer and the sculpture layer. The im- 
pression knuckles are formed by exposed segments 
of an impression yarn which span in the machine di- 
rection along the top face of the fabric, and are inter- 25 
locked within the load-bearing layer at their opposite 
ends. The impression knuckles are spaced-apart 
transversely of the fabric, so that the sculpture layer 
exhibits valleys between the impression yarn seg- 
ments and above the subplane between the respec- 30 
tive layers. 

Figure 2 is a plot of the CD stretch versus bulk for 
various throughdried bath tissue products, most of 
which are commercially available creped tissue prod- 
ucts as designated by the letter "C". Point "E" is an ex- 35 
perimental single-ply uncreped throughdried bath tis- 
sue made using the process as described in Figure 1 , 
but without using the 3-dimensional (impression 
knuckles) transferor throughdrying fabrics described 
herein. Point 'V is a bath tissue product of this inven- 40 
tion made using a Lindsay Wire T216-3 topological 
fabric having a mesh count of 72 by 40. The MD 
strand diameter was 0.33 mm (0.013 inch) while the 
CD strand diameter was 0.30 mm (0.012 inch). There 
were approximately 20 impression knuckles per lineal 45 
2.54 cm (1 inch) in the CD direction and about 1 00 im- 
pression knuckles per 6.45 cm 2 (per square inch) with 
a plane difference of about 0.30 mm (about 0.012 
inch). Points l 2 are also a bath tissue products of this 
invention, but made with a Lindsay Wire T116-3 topo- so 
logical fabric having a mesh count of 71 by 64. The 
MD strand diameter was 0.33 mm (0.013 inch) and 
the CD strand diameter was 0.356 mm (0.014 inch). 
The MD strands were paired. There were approxi- 
mately 10 impression knuckles per lineal 2.54 cm (1 55 
inch) in the CD direction and about 40 impression 
knuckles per 6.45 cm 2 (square inch) with a plane dif- 
ference of about 0.30 mm (about 0.012 inch). The dif- 



ference between the two l 2 products is that the one 
with lower bulk was made using a higher headbox jet 
velocity to provide an MD/CD strength ratio of about 
1.5, whereas the higher bulk product was made with 
a slower headbox jet velocity and had an MD/CD 
strength ratio of about 3. I 6 and l 7 are more heavily 
calendered bathroom tissues made according to this 
invention and described in detail in Examples 6 and 
7. 

As shown, the products of this invention possess 
a combination of high bulk and high CD Stretch and 
also can exhibit extremely high CD Stretch values. 

Figure 3 is a plot of the Wicking Rate versus bulk 
for various single-ply paper towels. As with Figure 2, 
commercially available products are designated by 
the letter "C", an experimental uncreped throughdried 
towel product not made with the 3-dimensional fab- 
rics described herein is designated by the letter "E", 
and a towel product of this invention made using a 3- 
dimensional throughdrying fabric is designated by the 
letter "I". Note the difference in Wicking Rate be- 
tween product E and product I, both of which were 
made using the same process, differing only in the 
use of the 3-dimensional throughdrying fabric in the 
case of the product of this invention. As illustrated, 
the product of this invention has a higher Wicking 
Rate than either the control experimental product or 
the commercially available towel products. 

Figure 4 is a plot of the Absorbent Capacity ver- 
sus bulk for bath tissue products. Commercially avail- 
able products are designated by the letter "C", an ex- 
perimental uncreped throughdried bath tissue not 
made with the 3-dimensional fabrics described herein 
is designated by the letter "E", and products of this in- 
vention made using the 3-dimensional fabrics descri- 
bed herein are designated by the letter "l H . ^ and l 2 are 
as described in connection with Figure 2. 1 6 and l 7 are 
more heavily calendered bathroom tissues made ac- 
cording to this invention and described in detail in Ex- 
amples 6 and 7. As shown, the products of this inven- 
tion have a combination of high bulk and high Absor- 
bent Capacity. 

Figure 5 is a generalized load/elongation curve 
for a tissue sheet, illustrating the determination of 
either the machine direction modulus or the cross- 
machine direction modulus. (The geometric mean 
modulus is the square root of the product of the ma- 
chine direction modulus and the cross-machine direc- 
tion modulus.) As shown, the two points P1 and P2 
represent loads of 70 g and 157 g applied against a 
7.6 cm (3-inch) wide sample. The tensile tester {Gen- 
eral Applications Program, version 2.5, Systems Inte- 
gration Technology Inc., Stoughton, MA; a division of 
MTS Systems Corporation, Research Triangle Park, 
NC) is programmed such that it calculates the slope 
between P1 and P2, which expressed as kgs per 76.2 
millimeters of sample width. The slope divided by the 
product of the basis weight (expressed in g/m 2 ) times 
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0.0762 is the modulus (expressed in km) for the direc- 
tion (MD or CD) of the sample being tested. 

Figure 6 is a plot of the geometric mean modulus 
(GMM) divided by the geometric mean tensile (GMT) 
strength (flexibility) versus bulk for facial tissue, bath 
tissue and kitchen towels. Commercially available fa- 
cial tissues are designated "F", commercially avail- 
able bath tissues are designated "B", commercially 
available towels are designated T, an experimental 
bath tissue not using the 3-dimensional fabrics de- 
scribed herein is designated R E n , and bath tissues of 
this invention are designated T. As before, I, and l 2 
are made using the same fabrics, but the lower bulk 
l 2 has an MD/CD strength ratio of about 1 .5 and the 
higher bulk l 2 has an MD/CD strength ratio of about 
3. As shown, the products of this invention have very 
high bulk and a low quotient of the geometric mean 
modulus divided by the geometric mean tensile 
strength. I 6 and l 7 are more heavily calendered bath- 
room tissues made according to this invention and de- 
scribed in detail in Examples 6 and 7. 1 8 and l 9 are cal- 
endered two-ply facial tissues made according to this 
invention and described in detail as Examples 8 and 
9. 

Figures 7- 1 6 illustrate several 3-dimensional fab- 
rics useful for purposes of this invention. For ease of 
visualization, the raised impression knuckles are in- 
dicated by solid black lines. 

Figures 7, 7Aand 7B illustrate a first embodiment 
of a throughdrying fabric useful for purposes of this in- 
vention in which high impression knuckles are ob- 
tained by adding an extra warp system onto a simple 
1 x 1 base design. The extra warp system can be "em- 
broidered" onto any base fabric structure. The base 
structure becomes the load-bearing layer and at the 
sublevel plane it serves to delimit the sculpture layer. 
The simplest form of the base fabric would be a plain 
1 x 1 weave. Of course, any other single, double, triple 
or multi-layer structures can also be used as the 
base. 

Referring to these figures, the throughdrying fab- 
ric is identified by the reference character 40. Below 
a sublevel plane indicated by the broken line 41, the 
fabric 40 comprises a load-bearing layer 42 which 
consists of a plain-woven fabric structure having 
base warp yarns 43 interwoven with shute yarns 44 
in a 1 x 1 plain weave. Above the sublevel plane 41, 
a sculpture layer indicated generally by the reference 
character 45 is formed by an impression strand seg- 
ments 46 which are embroidered into the plain weave 
of the load-bearing layer 42. In the present instance, 
each impression segment 46 is formed from a single 
warp in an extra warp system which is manipulated so 
as to be embroidered into the load-bearing layer. The 
knuckles 46 provided by each warp yarn of the extra 
warp system are aligned in the machine direction in a 
close sequence, and the warp yarns of the system are 
spaced apart across the width of the fabric 40 as 



shown in Figure 7. The extra warp system produces 
a topographical three-dimensional sculpture layer 
consisting essentially of machine-direction knuckles 
and the top surface of the load-bearing layer at the 

5 sublevel plane 41. In this fabric structure, the inter- 
mediate plane is coincident with the sublevel plane. 
The relationship between the warp knuckles 46 and 
the fabric structure of the load-bearing layer 42 pro- 
duces a plane difference in the range of 30-150% of 

10 the impression strand diameter, and preferably from 
about 70-100% of the strand diameter. In the illustra- 
tion of Figure 7A, the plane difference is about 90% 
of the diameter of the strand 46. As noted above, warp 
strand diameters can range from 0.127 mm to about 

15 1 .27 mm (0.005 to about 0.05"). For example, if the 
warp strand diameter is 0.30 mm (0.012"), the plane 
difference may be 2.54 mm (0.10"). For noncircular 
yarns, the strand diameter is deemed to be the vert- 
ical dimension of the strand, as it is oriented in the 

20 fabric, the strand normally being oriented with its wid- 
est dimension parallel to the sublevel plane. 

In the fabric 40, the plain-weave load-bearing lay- 
er is constructed so that the highest points of both the 
load-bearing shutes and the load-bearing warps 42 

25 and 43 are coplanar and coincident with the sublayer 
plane 41 and the yarns of the extra warp system 46 
are positioned between the warps 44 of the load- 
bearing layer. 

Figures 8 and 8A illustrate a modification of the 

30 fabric 40 useful for purposes of this invention. The 
modified fabric 50 has a sublevel plane indicated by 
the broken line 51 with a load-bearing layer 52 below 
the plane 51 and a sculpture layer 55 above the plane 
51. In this embodiment of the throughdrying fabric, 

35 the sculpture layer 55 has a three-dimensional pat- 
tern quite similar to the pattern of the sculpture layer 
45 of the previously-described embodiment, consist- 
ing of a series of impression knuckles 54* arranged in 
the machine direction of the fabric and spaced apart 

40 in the cross direction of the fabric. In the fabric 50, the 
load-bearing layer is formed by shutes 53 and warps 
54 interwoven in a plain weave for the most part 

In the weave of the load-bearing layer, certain 
shute knuckles project above the sublevel plane 51 

45 and the tops of these shute knuckles define an inter- 
mediate plane 58. The plane difference between the 
top plane of the surface 55 and the intermediate plane 
58 is at least 30% of the warp diameter. The sculpture 
layer 55, on the other hand, is formed by warp yarn 

so segments drawn from the warp yarns 54' drawn from 
the load-bearing layer 52. The impression yarn seg- 
ments 54' in the sculpture layer 55 are selected out 
from the warp system including the warps 54. In the 
present instance, in the warp system, which includes 

55 the warps 54 and 54', the first three warps in every 
four are components of the load-bearing layer 52 and 
do not project above the intermediate plane 58. The 
fourth warp, 54', however, consists of floats extend- 
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ing in the sculpture layer in the machine direction of 
the fabric above the sublevel plane 51 and the inter- 
mediate plane 58. The impression warps 54' are tied 
into the load-bearing layer 52 by passing under the 
shutes 53 in the load-bearing layer at the opposite 
ends of each float. 

In the fabric 50, the warp strands 54' replace one 
of the base warps strands 54. When using this fabric 
as a throughdrying fabric, the uneven top surface of 
the load-bearing layer at the sublevel plane 51 im- 
parts a somewhat different texture to the puff areas 
of the web than is produced by the sculpture layer of 
the fabric 40 shown in Figure 7. In both cases, the 
stitch appearance provided by the valleys in the im- 
pression knuckles would be substantially the same 
since the impression knuckles float over seven 
shutes and are arranged in close sequence. 

Figures 9 and 9A illustrate another embodiment 
of the fabrics useful in connection with this invention. 
In this embodiment, the throughdrying fabric 60 has 
a sublevel plane indicated at broken lines at 61 and 
an intermediate plane indicated at 68. Below the sub- 
level plane 61, the load-bearing layer 62 comprises a 
fabric woven from shute yarns 63 and warp yarns 64. 
The sublevel plane 61 is defined by the high points of 
the lowest shute knuckles in the load-bearing layer 
62, as identified by the reference character 63-L. The 
intermediate plane 68 is defined by the high points of 
the highest shute knuckles in the load-bearing layer 
62, indicated by reference character 63-H. In the 
drawings, the warps 64 have been numbered in se- 
quence across the top of Figure 9 and these numbers 
have been identified in Figure 9A with the prefix 64. 
As shown, the even-numbered warps follow the plain 
weave pattern of 1 x 1. In the odd-numbered warps, 
every fourth warp; i.e. warps 1 , 5 and 9, etc., are wov- 
en with a 1 x 7 configuration, providing impression 
knuckles in the sculpture layer extending over seven 
shutes. The remaining odd-numbered warps; i.e. 3, 7, 
1 1 , etc., are woven with a 3 x 1 configuration providing 
warp floats under 3 shutes. This weaving arrange- 
ment produces a further deviation from the coplanar 
arrangement of the CD and MD knuckles at the sub- 
level plane that is characteristic of the fabric of Figure 
7 and provides a greater variation in the top surface 
of the load-bearing layer. 

The tops of the MD and CD knuckles in the load- 
bearing layer fall between the intermediate plane 68 
and the sublevel plane 61. This weave configuration 
provides a less abrupt stepwise elevation of the im- 
pression knuckles in the sculpture layer. The plane 
difference 65 in this embodiment; i.e., the distance 
between the highest point of the warps 64-1, 64-5, 64- 
9, etc. and the intermediate plane at the top of the 
load-bearing layer which represents the effective 
thickness of the sculpture layer is approximately 65% 
of the thickness of the impression strand segments of 
these warps that form the three-dimensional effect in 



the sculpture layer. It is noted that with the warp pat- 
terns of Figure 9, the shutes 63 float over a plurality 
of warp yarns in the cross machine direction. Such 
cross machine floats, however, are confined to the 

5 body of the load-bearing layer below intermediate 
plane 68 and do not extend through the sculpture lay- 
er to reach the top face of the fabric 60. Thus, the fab- 
ric 60, like the fabrics 40 and 50, provide a load- 
bearing layer having a weave construction without 

10 any cross-direction knuckles projecting out of the 
base layer to reach the top face of the fabric/The 
three-dimensional sculpture provided by the sculp- 
ture layer in each of the embodiments consists es- 
sentially of elongated and elevated impression knuck- 

15 les disposed in a parallel array above the sublevel 
plane and providing valleys between the impression 
knuckles. In each case, the valleys extend throughout 
the length of the fabric in the machine direction and 
have flow delineated by the upper surface of the load- 

20 bearing level at the sublevel plane. 

The fabrics useful for purposes of the present in- 
vention are not limited to fabrics having a sculpture 
layer of this character, but complicated patterns such 
as Christmas trees, f ish, butterflies, may be obtained 

25 by introducing a more complex arrangement for the 
knuckles. Even more complex patterns may be ach- 
ieved by the use of a jacquard mechanism in conjunc- 
tion with a standard fourdrinier weaving loom, as illu- 
strated in Figure 1 6. With a jacquard mechanism con- 

30 trolling an extra warp system, patterns may be ach- 
ieved without disturbing the integrity of the fabric 
which is obtained by the load-bearing layer. Even 
without a supplemental jacquard mechanism, more 
complex weaving patterns can be produced in a loom 

35 with multiple heddle frames. Patterns such as dia- 
monds, crosses or fishes may be obtained on looms 
having up to 24 heddle frames. 

For example, Figures 10, 1 0A and 10B illustrate 
a throughdrying fabric 70 having a load-bearing layer 

40 72 below a sublevel plane 71 and a sculpture layer 75 
above that plane. In the weave construction illustrat- 
ed, the warps 74 of the load-bearing layer 72 are ar- 
ranged in pairs to interweave with the shutes 73. The 
shutes are woven with every fifth shute being of larg- 

45 er diameter as indicated at 73'. The weave construc- 
tion of the layer 72 and its locking-in of the impression 
warp knuckles raises selected shute knuckles above 
the sublevel plane to produce an intermediate plane 
78. To obtain a diamond, such as shown in Figure 1 0, 

so the pairs of warps are elevated out of the load-bearing 
layer 72 to float within the pattern layer 75 as impres- 
sion knuckles 74' extending in the machine direction 
of the fabric across the top surface of the load- 
bearing layer 72 at the sublevel plane 71. The warp 

55 knuckles 74' are formed by segments of the same 
warp yarns which are embodied in the load-bearing 
layer and are arranged in a substantially diagonal 
criss-cross pattern as shown. This pattern of impres- 
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sion knuckles in the sculpture layer 75 consists es- 
sentially of warp knuckles without intrusion of any 
cross machine knuckles. 

In the fabric 70, the warps 74 are manipulated in 
pairs with in the same dent, but it may be desired to op- 
erate the individual warps in each pair with a different 
pattern to produce the desired effect. It is noted that 
the impression knuckles in this embodiment extend 
over five shutes to provide the desired diamond pat- 
tern. The length of the impression knuckles may be in- 
creased to elongate the pattern or reduced to as little 
as three shutes to compress the diamond pattern. 
The fabric designer may come up with a wide variety 
of interesting complex patterns by utilization of the 
full patterning capacity of the particular loom on 
which the fabric is woven. 

In the illustrated embodiments, all of the warps 
and shutes are substantially of the same diameter 
and are shown as monofilaments. It is possible to 
substitute other strands for one or more of these ele- 
ments. For example, the impression strand segments 
which are used to form the warp knuckles may be a 
group of strands of the same or of different diameters 
to create a sculpture effect. They may be round or 
noncircular, such as oval, flat, rectangular or ribbon- 
like in cross section. Furthermore, the strands may 
be made of polymeric or metallic materials or a com- 
bination of the same. 

Figure 11 illustrates a throughdrying fabric 80 in 
which the sculpture layer provides impression warp 
knuckles 84' clustered in groups and forming valleys 
between and within the clustered groups. As shown, 
the warp knuckles 84* vary in length from 3-7 shutes. 
As in the previous embodiments, the load-bearing 
layer comprising shutes 83 and warps 84 is differen- 
tiated from the sculpture level at the sublevel plane, 
and the tops of the shute knuckles define an inter- 
mediate plane which is below the top surface of the 
sculpture layer by at least 30% of the diameter of the 
impression strands forming the warp knuckles. In the 
illustrated weave, the plane is between 85% and 
100% of the impression warp knuckle diameter. 

Figure 12 illustrates a fabric 90 with impression 
strand segments 94' in a sculpture layer above the 
shutes 93 and warp 94 of the load-bearing layer. The 
warp knuckles 94' combine to produce a more com- 
plex pattern which simulates fishes. 

Figure 13 illustrates a fabric 100 in which the im- 
pression strands 1 06 are flat yarns, in the present in- 
stance ovate in cross-section, and the warp yarns 1 04 
in the load-bearing layer are ribbon-like strands. The 
shute yarns 103, in the present case, are round. The 
fabric 100 shown in Fig. 14 provides a throughdrying 
fabric having reduced thickness without sacrificing 
strength. 

Figure 14 illustrates a throughdrying fabric 110 in 
which the impression strands 116 are circular to pro- 
vide a sculpture layer. In the load-bearing layer, the 



fabric comprises flat warps 114 interwoven with round 
shutes 113. 

Figure 15 illustrates a fabric 120 embodying flat 
warps 124 interwoven with shutes 123 in the load- 

5 bearing layer In the pattern layer, the warp knuckles 
are formed from a combination of flat warps 126 and 
round warps 126*. 

A wide variety of different combinations may be 
obtained by combining flat, ribbon-like, and round 

10 yarns in the warps of the fabric, as will be evident to 
a skilled fabric designer. 

Figure 16 illustrates a fourdrinier loom having a 
jacquard mechanism for "embroidering" impression 
yarns into the base fabric structure to produce a 

15 sculpture layer overlying the load-bearing layer. 

The figure illustrates a back beam 1 50 for supply- 
ing the warps from the several warp systems to the 
loom. Additional back beams may be employed, as is 
known in the art. The warps are drawn forwardly 

20 through a multiple number of heddle frames 151 
which are controlled by racks, cams and/or levers to 
provide the desired weave patterns in the load- 
bearing layer of the throughdrying fabric. Forwardly 
of the heddle frames 151, a jacquard mechanism 152 

25 is provided to control additional warp yarns which are 
not controlled by the heddles 151. The warps drawn 
through the jacquard heddles may be drawn off the 
back beam 1 50 or alternatively may be drawn off from 
a creel (not shown) at the rear of the loom. The warps 

30 are threaded through a reed 1 53 which is reciprocally 
mounted on a sley to beat up the shutes against the 
fell of the fabric indicated at 154. The fabric is with- 
drawn over the front of the loom over the breast roll 
1 55 to a fabric take-up roll 1 56. The heddles of the jac- 

35 quard mechanism 1 52 are preferably controlled elec- 
tronically to provide any desired weave pattern in the 
sculpture level of the throughdrying fabric being pro- 
duced. The jacquard control enables an unlimited se- 
lection of fabric patterns in the sculpture layer of the 

40 fabric. The jacquard mechanism may control the im- 
pression warps of the sculpture layer to interlock with 
the load-bearing layer formed by the heddles 151 in 
any sequence desired or permitted by the warp- 
supply mechanism of the loom. 

45 While a key feature of the woven fabrics taught 
here is the presence of long MD raised knuckles to im- 
part CD stretch in the uncreped throughdried sheet, 
it should be understood that other fabric manufactur- 
ing techniques capable of producing equivalent MD 

50 elongated regions raised significantly above the 
plane of the drying fabric would be expected to give 
similar sheet characteristics. Examples include the 
application of ultra-violet-cured polymers to the sur- 
face of traditional fabrics as taught by Johnson et al. 

55 (U.S. Patent No. 4,514,345) or suggested by the tech- 
nique of "rapid prototyping" (Mechanical Engineering, 
April 1991, pp. 34-43). 

Figure 1 7 is a cross-sectional photograph of a tis- 
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sue made in accordance with this invention (magni- 
fied 50x). The upper cross-section is viewed in the 
cross-machine direction and the lower cross-section 
is viewed in the machine direction, both illustrating 
the vertical protrusions produced in the tissue by the 5 
raised warp knuckles in the throughdrying fabric. As 
illustrated, the heights of the protrusions can vary 
within a certain range and are not necessarily all the 
same height. In the photograph, the cross-sections 
are of two different protrusions in close proximity to 10 
each other on the same tissue sheet. A feature of the 
products of this invention is that the density of the 
sheet is uniform or substantially uniform. The protru- 
sions are not of different density than the balance of 
the sheet. 1 5 

Figure 18 is a plot of MD Stiffness vs. Bulk for a 
wide range of tissue products. In some instances the 
MD Stiffness value represents an improvement over 
GMM/GMT for quantifying stiffness in that the effects 
of thickness and multiple plies are taken into account. 20 
The MD Stiffness value has been seen to correlate 
with the human perception of stiffness over a wide 
range of products and can be calculated as the MD 
Slope (expressed in kg) multiplied by the square root 
of the quotient of the sheet caliper (in urn) divided by 25 
the number of plies. [MD Stiffness = (MD Slope) 
(sheet caliper/ number of plies) 1/2 ]. Sheets of this in- 
vention are characterized as having MD Stiffness val- 
ues of 100 kg-u.m i;2 or less. These sheets are unique 
in their ability to combine low MD Stiffness with high 30 
bulk. 

Figure 19 compares the WCB, LER and WS of 
products made by this invention with several compet- 
itive products. U 1( U 2 , U 3 and U 4 are products made 
by this invention and described in detail in Examples 35 
10-13 respectively. to C 6 are commercially avail- 
able bathroom tissue products. More specifically, C r 
C 3 are three samples of CHARMIN® while C 4 -C e are 
COTTONELLE®, QUILTED NORTHERN® and UL- 
TRA-CHARMIN® respectively. Tissues of this inven- 40 
tion are superior in terms of their ability to simultane- 
ously achieve high values for WCB, LER and WS. A 
description of the test method for measuring WCB, 
LER and WS follows. 

45 

Equipment Set-Up 

An Instron 4502 Universal Testing Machine is 
used for this test. A 100 kN load cell is mounted below 
(on the lower side of) the cross beam. Instron com- so 
pression platens with 5.72 cm (2.25 inch) diameters 
are rigidly installed. The lower platen is supported on 
a ball bearing to allow ideal alignment with the upper 
platen. The three holding bolts for the lower platen are 
loosened, the upper platen is brought in contact with 55 
the lower platen at a load of roughly 22.7 kg (50 
pounds), and the holding bolts are then tightened to 
lock the lower platen into place. The extension (meas- 



ured distance of the upper platen to a reference 
plane) should be zeroed when the upper platen is in 
contact with the lower platen at a load between 3.63 
kg and 22.7 kg (8 pounds and 50 pounds). The load 
cell should be zeroed in the free hanging state. The 
Instron and the load cell should be allowed to warm 
up for one hour before measurements are conducted. 

The Instron unit is attached to a personal comput- 
er with an IEEE board for data acquisition and com- 
puter control. The computer is loaded with Instron 
Series XII software (1989 issue) and Version 2 firm- 
ware. 

Following warm-up and zeroing of extension and 
the load cell, the upper platen is raised to a height of 
about 0.51 cm (about 0.2 inches) to allow sample in- 
sertion between the compression platens. Control of 
the Instron is then transferred to the computer. 

Using the Instron Series XII Cyclic Test software 
(version 1.11), an instrument sequence is establish- 
ed. The programmed sequence is stored as a para- 
meter file. The parameter file has 7 "markers*' (dis- 
crete events) composed of three "cyclic blocks" (in- 
structions sets) as follows: 

Marker 1: Block 1 

Marker 2: Block 2 

Marker 3: Block 3 

Marker 4: Block 2 

Marker 5: Block 3 

Marker 6: Block 1 

Marker 7: Block 3. 

Block 1 instructs the crosshead to descend at 
1 .91 cm (0.75 inches) per minute until a load of 0.045 
kg (0.1 pounds) is applied (the Instron setting is - 
0.045 kg (-0.1 pounds), since compression is defined 
as negative force). Control is by displacement When 
the targeted load is reached, the applied load is re- 
duced to zero. 

Block 2 directs that the crosshead range from an 
applied load of 0.023 kg (0.05 pounds) to a peak of 
3.63 kg (8 pounds) then back to 0.023 kg (0.05 
pounds) at a speed of 5.08 mm (0.2 inches) per min- 
ute. Using the Instron software, the control mode is 
displacement, the limit type is load, the first level is - 
0.023 kg (-0.05 pounds), the second level is -3.63 kg 
(-8 pounds), the dwell time is 0 seconds, and the num- 
ber of transitions is 2 (compression then relaxation); 
"no action" is specified for the end of the block. 

Block 3 uses displacement control and limit type 
to simply raise the crosshead to 0.38 cm (0.1 5 inches) 
at a speed of 10.16 cm (4 inches) per minute, with 0 
dwell time. Other Instron software settings are 0 in 
first level, 0.38 cm (0.15 inch) in second level, 1 tran- 
sition, and "no action" at the end of the block. If a sam- 
ple has an uncompressed thickness greaterthan 0.38 
cm (0.15 inch), then Block 3 should be modified to 
raise the crosshead level to an appropriate height, 
and the altered level should be recorded and noted. 

When executed in the order given above (Mark- 
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ers 1-7), the Instron sequence compresses the sam- 
ple to 0.17 kPa (0.44 N) (0.025 pounds per square 
inch (0.1 pound force)), relaxes, then compresses to 
13.79 kPa (35.56 N) (2 psi (8 pound force)), followed 
by decompression and a crosshead rise to 0.38 cm 
(0.15 inches), then compresses the sample again to 
13.79 kPa (2 psi), relaxes, lifts the crosshead to 0.38 
cm (0.15 inches), compresses again to 0.17 kPa (0.44 
N) (0.025 psi (0.1 pound force)), and then raises the 
crosshead. Data logging should be performed at in- 
tervals no greater than every 0.10 mm (0.004 inches) 
or 0.133 N (0.03 pound force) (whichever comes first) 
for Block 2 and for intervals no greater than 0.013 N 
(0.003 pound force) for Block 1. Once the test is initi- 
ated, slightly less than two minutes elapse until the 
end of the Instron sequence. 

The results output of the Series XII software is 
set to provide extension (thickness) at peak loads for 
Markers 1 , 2, 4 and 6 (at each 0. 1 7 kPa and 1 3.79 kPa 
(0.025 and 2.0 psi) peak load), the loading energy for 
Markers 2 and 4 (the two compressions to 1 3.79 kPa 
(2.0 psi)), the ratio of the two loading energies (sec- 
ond 13.79 kPa (2 psi) cycle/first 13.79 kPa (2 psi) cy- 
cle), and the ratio of final thickness to initial thickness 
(ratio of thickness at last to first 0.17 kPa (0.025 psi) 
compression). Load versus thickness results are plot- 
ted on screen during execution of Blocks 1 and 2. 

Sample Preparation 

Converted tissue samples are conditioned for at 
least 24 hours in a Tappi conditioning room (50% rel- 
ative humidity at 22.8 °C (73°F)). A length of three or 
four perforated sheets is unwound from the roll and 
folded at the perforations to form a Z- or W-folded 
stack. The stack is then die cut to a 6.35 cm (2.5 inch) 
square, with the square cut from the center of the fold- 
ed stack. The mass of the cut square is then meas- 
ured with a precision of 10 mg or better. Cut sample 
mass preferably should be near 0.5 g, and should be 
between 0.4 and 0.6 g; if not, the number of sheets 
in the stack should be adjusted. (Three orfour sheets 
per stack proved adequate for all runs in this study; 
tests done with both three and four sheets did not 
show a significant difference in wet resiliency re- 
sults). 

Moisture is applied uniformly with a fine spray of 
deionized water at 21.1-22.8°C (70-73°F). This can 
be achieved using a conventional plastic spray bottle, 
with a container or other barrier blocking most of the 
spray, allowing only about the outer 20 percent of the 
spray envelope - a fine mist - to approach the sample. 
If done properly, no wet spots from large droplets will 
appear on the sample during spraying, but the sample 
will become uniformly moistened. The spray source 
should remain at least 1 5.24 cm (6 inches) away from 
the sample during spray application. The objective is 
to partially saturate the sample to a moisture ratio 



(grams of water per gram of fiber) in the range of 0.9 
to 1.6. 

Aflat porous support is used to hold the samples 
during spraying while preventing the formation of 

5 large water droplets on the supporting surface that 
could be imbibed into sample edges, giving wet spots. 
An open cell reticulated foam material was used in 
this study, but other materials such as an absorbent 
sponge could also suffice. 

w For a stack of three sheets, the three sheets 

should be separated and placed adjacent to each 
other on the porous support. The mist should be ap- 
plied uniformly, spraying successively from two or 
more directions, to the separated sheets using a fixed 

15 number of sprays (pumping the spray bottle a fixed 
number of times), the number being determined by 
trial and error to obtain a targeted moisture level. The 
samples are quickly turned over and sprayed again 
with a fixed number of sprays to reduce z-direction 

20 moisture gradients in the sheets. The stack is reas- 
sembled in the original order and with the original rel- 
ative orientations of the sheets. The reassembled 
stack is quickly weighed with a precision of at least 10 
mg and is then centered on the lower Instron com- 

25 pression platen, after which the computer is used to 
initiate the Instron test sequence. No more than 60 
seconds should elapse between the first contact of 
spray with the sample and the initiation of the test se- 
quence, with 45 seconds being typical. 

30 When four sheets per stack are needed to be in 
the target range, the sheets tend to be thinner than 
in the case of three sheet stacks and pose increased 
handling problems when moist. Rather than handling 
each of four sheets separately during moistening, the 

35 stack is split into two piles of two sheets each and the 
piles are placed side by side on the porous substrate. 
Spray is applied, as described above, to moisten the 
top sheets of the piles. The two piles are then turned 
over and approximately the same amount of moisture 

40 is applied again. Although each sheet will only be 
moistened from one side in this process, the possibil- 
ity of z-direction moisture gradients in each sheet is 
partially mitigated by the generally decreased thick- 
ness of the sheets in four-sheet stacks compared to 

45 three-sheet stacks. (Limited tests with stacks of three 
and four sheets from the same tissue showed no sig- 
nificant differences, indicating that z-direction mois- 
ture gradients in the sheets, if present, are not likely 
to be a signif icantfactor in compressive wet resiliency 

so measurement). After moisture application, the stacks 
are reassembled, weighed and placed in the Instron 
device for testing, as previously described for the 
case of three-stack sheets. 

Following the Instron test, the sample is placed in 

55 a 1 05°C convection oven for drying. When the sample 
is fully dry (after at least 20 minutes), the dry weight 
is recorded. (If a heated balance is not used, the sam- 
ple weight must be taken within a few seconds of re- 
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moval from the oven because moisture immediately 
begins to be absorbed by the sample.) Data are re- 
tained for samples with moisture ratios in the range 
of 0.9 to 1.6. Experience has shown the values of 
WCB, LER and WS to be relatively constant over this 
range. 

Output Parameters 

Three measures of wet resiliency are considered. 
The first measure is the sample bulk at peak load on 
the first compression cycle to 1 .38 kPa (0.2 psi), here- 
after termed "Wet Compressive Bulk" or WCB. This 
bulk level is achieved dynamically and may differ 
from static measurements of bulk at 1.38 kPa (0.2 
psi). The second measure is termed "Wet Spring- 
back" or WS which is the ratio of the sample thickness 
at 0.17 kPa (0.025 psi) at the end of the test sequence 
to the thickness of the sample at 0.1 7 kPa (0.025 psi) 
measured at the beginning of the test sequence. The 
third measure is the "Loading Energy Ratio" or LER, 
which is the ratio of loading energy in the second com- 
pression to 13.79 kPa (2 psi) to the loading energy of 
the first such compression during a single test se- 
quence. The loading energy is the area under the 
curve on a plot of applied load versus thickness for a 
sample going from no load to the peak load of 13.79 
kPa (2 psi); loading energy has units of inches-pound 
force. If a material collapses after compression and 
loses its bulk, a subsequent compression will require 
much less energy, resulting in a low LER. For a purely 
elastic material, the spring back and LER would be 
unity. The three measures described here are rela- 
tively independent of the number of layers in the stack 
and serve as useful measures of wet resiliency. Both 
LER and WS can be expressed as percentages. 

Typical bath tissues and facial tissue materials 
exhibit LER values on the order of 35%-50%. Values 
over 50%, as shown by the uncreped throughdried 
bath tissue in Figure 19, are unusually good for a wet- 
ted bulky material without permanent wet strength 
resin. Wet Springback for typical tissues range from 
40% to 50%, with values over 50% showing good wet 
resiliency. Values over 60%, such as those achieved 
by the uncreped throughdried tissue, are extremely 
unusual in a bulky tissue without permanent wet 
strength resin. If a material is initially dense or if an 
initially bulky material collapses upon wetting prior to 
mechanical compression, the LER and the Wet 
Springback may be high, but the initial bulk and Wet 
Compressed Bulk will be low. Achieving high LER, 
high Wet Springback, and high Wet Compressed Bulk 
is only possible if a bulky structure has excellent wet 
resiliency. A bulky but incompressible material would 
also exhibit high wet resiliency, but would be far too 
stiff to be used for facial or bathroom tissue. 



Examples 
Example 1 

5 In order to further illustrate this invention, an 

uncreped throughdried tissue was produced using 
the method substantially as illustrated in Figure 1. 
More specifically, three-layered single-ply bath tis- 
sue was made in which the outer layers comprised 

10 dispersed, debonded Cenibra eucalyptus fibers and 
the center layer comprised refined northern softwood 
kraf t fibers. 

Prior to formation, the eucalyptus fibers were 
pulped for 15 minutes at 10 percent consistency and 

15 dewatered to 30 percent consistency. The pulp was 
then fed to a Maule shaft disperser operated at 70°C 
(160°F) with a power input of 2.6 kilowatt-days per 
tonne (3.2 horsepower-days per ton). Subsequent to 
dispersing, a softening agent (Berocell 596) was add- 

20 ed to the pulp in the amount of 6.82 kg (15 pounds) 
of Berocell per tonne of dry fiber (0.75 weight per- 
cent). 

The softwood fibers were pulped for 30 minutes 
at 4 percent consistency and diluted to 3.2 percent 

25 consistency after pulping, while the dispersed, de- 
bonded eucalyptus fibers were diluted to 2 percent 
consistency. The overall layered sheet weight was 
split 35%/30%/35% among the dispersed eucalyp- 
tus/refined softwood/dispersed eucalyptus layers. 

30 The center layer was refined to levels required to ach- 
ieve target strength values, while the outer layers pro- 
vided the surface softness and bulk. Parez 631 NC 
was added to the center layer at 4.5-5.9 kg (10-13 
pounds) per tonne of pulp based on the center layer. 

35 A four-layer headbox was used to form the wet 
web with the refined northern softwood kraf t stock in 
the two center layers of the headbox to produce a sin- 
gle center layer for the three-layered product descri- 
bed. Turbulence-generating inserts recessed about 

40 75 mm (about 3 inches) from the slice and layer div- 
iders extending about 150 mm (about 6 inches) be- 
yond the slice were employed. Flexible lip extensions 
extending about 150 mm (about 6 inches) beyond the 
slice were also used, as taught in U.S. Patent No. 

45 5,129,988 issued July 14, 1992 to Farrington, Jr. en- 
titled "Extended Flexible headbox Slice With Parallel 
Flexible Lip Extensions and Extended Internal Divid- 
ers", which is herein incorporated by reference. The 
net slice opening was about 23 mm (about 0.9 inch) 

so and water flows in all four headbox layers were com- 
parable. The consistency of the stock fed to the head- 
box was about 0.09 weight percent. 

The resulting three-layered sheet was formed on 
a twin-wire, suction form roll, former with forming fab- 

55 rics (12 and 13 in Figure 1) being Lindsay 2164 and 
Asten 866 fabrics, respectively. The speed of the 
forming fabrics was 11.9 meters per second. The new- 
ly-formed web was then dewatered to a consistency 
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of about 20-27 percent using vacuum suction from 
below the forming fabric before being transferred to 
the transfer fabric, which was travelling at 9.1 meters 
per second (30% rush transfer). The transfer fabric 
was an Appleton Wire 94M. A vacuum shoe pulling 
about 6-15 inches (150-380 millimeters) of mercury 
vacuum was used to transfer the web to the transfer 
fabric. 

The web was then transferred to a throughdrying 
fabric (Lindsay Wire T216-3, previously described in 
connection with Figure 2 and as illustrated in Figure 
9). The throughdrying fabric was travelling at a speed 
of about 9.1 meters per second. The web was carried 
over a Honeycomb throughdryer operating at a tem- 
perature of about 1 75°C (about 350°F) and dried to fi- 
nal dryness of about 94-98 percent consistency. The 
resulting uncreped tissue sheet was then calendered 
at a fixed gap of 0.10 cm (0.040 inch) between a 51 
cm (20 inch) diameter steel roll and a 52.1 cm (20.5 
inch) diameter, 110 P&J Hardness rubber covered 
roll. The thickness of the rubber cover was 1.84 cm 
(0.725 inch). 

The resulting calendered tissue sheet had the fol- 
lowing properties: Basis Weight, 7.7 kg per 267.55 m 2 
(16.98 pounds per 2880 square feet); CD Stretch, 8.6 
percent; Bulk, 1 3.18 cm 3 /g; Geometric Mean Modulus 
divided by Geometric Mean Tensile, 3.86 km per kg; 
Absorbent Capacity, 11.01 grams water per gram fib- 
er; MD Stiffness, 68.5 kg-um 1/2 ; MD Tensile Strength, 
714 grams per 7.62 cm (3 inches) sample width; and 
CD Tensile Strength, 460 grams per 7.62 cm (3 in- 
ches) sample width. 

Example 2 

Uncreped throughdried bath tissue was made as 
described in Example 1, except the throughdrying 
fabric was replaced with a Lindsay Wire T1 1 6-3 as de- 
scribed in connection with Figure 2. 

The resulting sheet had the following properties: 
Basis Weight, 8.16 kg per 267.55 m 2 (17.99 pounds 
per 2880 square feet); CD Stretch, 8.5 percent; Bulk, 
17.57 cm 3 /g; Geometric Mean Modulus divided by 
Geometric Mean Tensile, 3.15 km per kg; Absorbent 
Capacity, 11 .29 grams water per gram fiber; MD Stiff- 
ness, 89.6 kg-u.m 1 ' 2 ; MD Tensile Strength, 753 grams 
per 7.62 cm (3 inches) sample width; and CD Tensile 
Strength, 545 grams per 7.62 cm (3 inches) sample 
width. 

Example 3 

A single-ply uncreped throughdried bath tissue 
was made as described in Example 1, except the tis- 
sue had a 25/75 eucalyptus/softwood ratio. The soft- 
wood layer was refined to achieve the desired 
strength level. Kymene 557 LX was added to the en- 
tire furnish at a level of 11.36 kg (25 pounds) per 



tonne. 

The final product had the following properties: 
Basis Weight, 6.15 kg per 267.55 m 2 (13.55 pounds 
per 2880 square feet); CD Stretch, 20.1 percent; Bulk, 

5 24.89 cm 3 /g; MD Stiffness, 74.5 kg-^ims 1/2 ; Geomet- 
ric Mean Modulus divided by Geometric Mean Ten- 
sile, 3.13 km per kg; MD Tensile Strength, 777 grams 
per 7.62 cm (3 inches) sample width; and CD Tensile 
Strength, 275 grams per 7.62 cm (3 inches) sample 

10 width. 

Example 4 

A single-ply uncreped throughdried bath tissue 
15 was made as described in Example 2, but was left un- 
calendered. The resulting sheet had the following 
properties: Basis Weight, 17.94; CD Stretch, 13.2 
percent; Bulk, 22.80 cubic centimeters per gram; MD 
Stiffness, 120.1 kg-um 1/2 ; Geometric Mean Modulus 
20 divided by the Geometric Mean Tensile, 3.35 km per 
kg; Absorbent Capacity, 12.96; MD Tensile Strength, 
951 grams per 7.62 cm (3 inches) sample width; and 
CD Tensile Strength, 751 grams per 7.62 cm (3 in- 
ches) sample width. 

25 

Example 5 

In order to further illustrate this invention, a sin- 
gle-ply, uncreped, throughdried tqwel was made us- 

30 ing the method substantially as illustrated in Figure 1, 
but using a different former. More specifically, prior to 
formation, a raw materials mix of 13% white and col- 
ored ledger, 37.5% sorted office waste, 19.5% mani- 
fold white ledger and 30% coated white sulfite was 

35 commercially deinked using flotation and washing 
steps. Prior to forming the sheet, Kymene 557LX and 
QuaSof 1 206 were mixed with the fiber slurry at a rate 
of 5 kg (11 pounds) per tonne and 1.59 kg (3.5 
pounds) per tonne, respectively. 

40 A single channel headbox was used to form a wet 
web on a flat fourdrinier table with the forming fabric 
being a Lindsay Wire Pro 57B (fabric 13 in Figure 1). 
The speed of the former was 6.0 meters per second. 
The newly-formed web was then dewatered to a con- 

45 sistency of about 20-27 percent using vacuum suction 
from below the forming fabric before being transfer- 
red to the transfer fabric, which was travelling at 5.5 
meters per second (8% rush transfer). The transfer 
fabric was an Asten 920. A vacuum shoe pulling about 

so 1 50-380 mm (about 6-1 5 inches) of mercury vacuum 
was used to transfer the web to the transfer fabric. 

The web was transferred to a throughdryer fabric 
(Lindsay Wire T-34) as illustrated in Figure 10 having 
a mesh count of 72 by 32, a MD strand diameter of 

55 0.33 mm (0.01 3 inch) (paired warps), and a CD strand 
diameter of 0.356 mm (0.014 inch), with every fifth 
CD strand having a diameter of 0.51 mm (0.02 inch). 
The fabric had a plane difference of about 0.30 mm 
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(about 0.012 inch) and there were 10 impression 
knuckles per lineal 2.54 cm (1 inch) in the cross- 
machine direction and about 45 impression knuckles 
per 6.45 cm 2 (per square inch. 

The throughdrying fabric was travelling at a 
speed of about 5.5 meters per second. The web was 
carried over a Honeycomb throughdryer operating at 
a temperature of about 175°C (about 350°F) and 
dried to final dryness of about 94-98 percent consis- 
tency. 

The uncreped tissue sheet was then calendered 
between two 50.8 cm (20 inch) steel rolls loaded to 
about 5.45-9.1 kg (about 12-20 pounds) per lineal 
2.54 cm (1 inch). The resulting sheet had the following 
properties: Basis Weight, 39.8 g/m 2 ; CD Stretch, 9.1 
percent; Bulk, 11.72 cm 3 /g; and Wicking Rate, 2.94 
centimeters per 15 seconds. 

Example 6 

A single ply throughdried bathroom tissue was 
made similarly to that of Example 1 except for the fol- 
lowing changes: Lindsay T-124-1 throughdrying fab- 
ric; Varisoft 3690PG90 (from Witco Corporation) re- 
placed Berocell 596 as the softening agent; approxi- 
mately 35% rush transfer. The sheet had four layers 
of 27%/16%/30%/27% according to the following 
scheme: dispersed eucalyptus/dispersed eucalyp- 
tus/northern softwood kraft/dispersed eucalyptus 
(throughdrying fabric side). The sheet was reel calen- 
dered with steel on rubber (110P&J) calender rolls to 
give the final product. 

The final product had the following properties: 
Basis Weight, 10.9 kg per 267.55 m 2 (24.1 pounds per 
2880 square feet); CD stretch, 4.9 percent; Bulk, 8.9 
cm 3 /g; Geometric Mean Modulus divided by Geomet- 
ric Mean Tensile, 4.04; Absorbent Capacity, 8.94 
gram water per gram fiber; MD Tensile, 731 g per 7.62 
cm (3 inch) width; CD Tensile, 493 g per 7.62 cm (3 
inch) width; MD Stiffness, 106 kg-um 1 ' 2 . 

Example 7 

A two-ply uncreped throughdried bathroom tis- 
sue was made similarly to that of Example 1 except 
for the following changes: Lindsay T-124-1 through- 
drying fabric; Varisoft 3690PG90 (from Witco Corpor- 
ation) replaced Berocell 596 as the softening agent; 
approximately 35% rush transfer. The sheet had 
three layers of 40%/40%/20% according to the follow- 
ing scheme: dispersed eucalyptus/northern soft- 
wood kraft/northern softwood kraft (throughdrying 
fabric side). The sheet was reel calendered with steel 
on rubber (110P&J) calender rolls to give the final 
product. 

The final product had the following properties: 
Basis Weight, 10.77 kg per 267.55 m 2 (23.5 pounds 
per 2880 square feet); CD stretch, 6.8 percent; Bulk, 



8.5 cm 3 /g; Geometric Mean Modulus divided by Geo- 
metric Mean Tensile, 3.64; Absorbent Capacity, 11 .1 
gram water per gram fiber; MD Tensile, 678 g per 7.62 
cm (3 inch) width; CD Tensile, 541 g per 7.62 cm (3 
5 inch) width; MD Stiffness, 70.4 kg-jim 1s . 

Example 8 

A two-ply uncreped throughdried facial tissue 

w was made similarly to that of Example 1 except for the 
following change. Lindsay T-21 6-4 throughdrying fab- 
ric was utilized. Each ply was split 40%/40%/20% 
among three layers denoted A/B/C with layers B and 
C being blends of northern hardwood, northern soft- 

15 wood and eucalyptus and layer A being pure dis- 
persed eucalyptus. On an overall basis, the sheet is 
40% dispersed eucalyptus, 10% eucalyptus, 15% 
northern hardwood and 35% northern softwood. Lay- 
ers B&C included 5kg/tonne Parez-631NC and 2kg- 

20 /tonne Kymene 557LX. Layer A, which was the side 
placed on the throughdrying fabric, included 7.5kg- 
/tonne Tegopren-6920 (from Goldschmidt Chemical 
Company) and 7.5kg/tonne Kymene 557LX. The 
sheet was reel calendered with steel on rubber 

25 (50P&J) calender rolls to give the final plies. These 
were plied together with the dispersed eucalyptus 
sides out and calendered twice (once steel on steel 
at 87.5 N/cm (50pli) and once steel on rubber at 52.5 
N/cm (30pli)) to reduce caliper. 

30 The final product had the following properties: 
Basis Weight, 10.45 kg per 267.55 m 2 (23.0 pounds 
per 2880 square feet); CD stretch, 7.3 percent; Bulk, 
7.49 cm 3 /g; Geometric Mean Modulus divided by 
Geometric Mean Tensile, 3.45; Absorbent Capacity, 

35 12.0 gram water per gram fiber; MD Tensile, 91 5 g per 
7.62 cm (3 inch) width; CD Tensile, 725 g per 7.62 cm 
(3 inch) width; MD Stiffness, 79.5 kg-um 1 ' 2 . 

Example 9 

40 

A two-ply uncreped throughdried facial tissue 
was made similarly to that of Example 8 except that 
the resulting plies were plied together with the dis- 
persed eucalyptus sides out and calendered again 

45 (steel on steel at 87.5 N/cm (50pli)) to reduce caliper. 
The final product had the following properties: 
Basis Weight, 8.8 kg per 267.55 m 2 (19.3 pounds per 
2880 square feet); CD stretch, 7.5 percent; Bulk, 8.93 
cm 2 /g; Geometric Mean Modulus divided by Geomet- 

so ric Mean Tensile, 3.99; Absorbent Capacity, 13.5 
gram water per gram fiber; MD Tensile, 867 g per 7.62 
cm (3 inch) width; CD Tensile, 706 g per 7.62 cm (3 
inch) width; MD Stiffness, 75.6 kg-nm 1/2 . 

55 Example 10 

In order to illustrate the superior wet integrity of 
this invention, an uncreped throughdried tissue was 
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produced using the method substantially as illustrat- 
ed in Figure 1. More specifically, three-layered sin- 
gle-ply bath tissue was made in which the outer layers 
comprised dispersed, debonded Cenibra eucalyptus 
fibers and the center layer comprised refined north- 
ern softwood kraf t fibers. 

Prior to formation, the eucalyptus fibers were 
pulped for 15 minutes at 10 percent consistency and 
dewatered to 30 percent consistency. The pulp was 
then fed to a Maule shaft disperser operated at 70°C 
(160°F) with a power input of 2.6 kilowatt-days per 
tonne (3.2 horsepower-days per ton). Subsequent to 
dispersing, a softening agent (Varisoft 3690PG90) 
was added to the pulp in the amount of 7.0 kg of deb- 
onder per tonne of dispersed dry fiber. 

The softwood fibers were pulped for 30 minutes 
at 4 percent consistency and diluted to 3.2 percent 
consistency after pulping, while the dispersed, de- 
bonded eucalyptus fibers were diluted to 2 percent 
consistency. The overall layered sheet weight was 
split 27%/46%/27% among the dispersed eucalyp- 
tus/refined softwood/dispersed eucalyptus layers. 
The center layer was refined to levels required to ach- 
ieve target strength values, while the outer layers pro- 
vided the surface softness and bulk. Parez 631 NC 
was added to the center layer at 4.0 kg per tonne of 
pulp based on the center layer. 

A four-layer head box was used to form the wet 
web with the refined northern softwood kraf t stock in 
the two center layers of the headbox to produce a sin- 
gle center layer for the three-layered product descri- 
bed. Turbulence-generating inserts recessed about 
75 mm (about 3 inches) from the slice and layer div- 
iders extending about 150 mm (about 6 inches) be- 
yond the slice were employed. The net slice opening 
was about 23 mm (about 0.9 inch) and water flows in 
all four headbox layers were comparable. The consis- 
tency of the stock fed to the headbox was about 0.09 
weight percent. 

The resulting three-layered sheet was formed on 
a twin-wire, suction form roll, former with forming fab- 
rics being Lindsay 2164 and Asten 866 fabrics, re- 
spectively. The speed of the forming fabrics was 
about 12 meters per second. The newly-formed web 
was then dewatered to a consistency of about 20-27 
percent using vacuum suction from below the forming 
fabric before being transferred to the transfer fabric, 
which was traveling at 9.1 meters per second (30% 
rush transfer). The transfer fabric was an Appleton 
Wire 94M. A vacuum shoe pulling about 150-380 mm 
(about 6-1 5 inches) of mercury vacuum was used to 
transfer the web to the transfer fabric. 

The web was then transferred to a three- 
dimensional throughdrying fabric (Lindsay Wire T- 
124-1) as described herein. The throughdrying fabric 
was traveling at a speed of about 9.1 meters per sec- 
ond. The web was carried over a Honeycomb 
throughdryer operating at a temperature of about 



175°C (about 350°F) and dried to final dryness of 
about 94-98 percent consistency. The resulting 
uncreped tissue sheet was then calendered at a fixed 
gap of 0.1 0 cm (0.040 inch) between a 51 cm (20 inch) 

5 diameter steel roll and a 52.1 cm (20.5 inch) diameter, 
110 P&J Hardness rubber covered roll. The thickness 
of the rubber cover was 1.84 cm (0.725 inch). 

The resulting uncreped throughdried sheet had 
the following properties: Basis Weight; 9.45 

10 kg/267.55m 2 (20.8 lbs/2880 sq. ft), MD Tensile, 
713gm/3"; MD Stretch, 17.2%; CD Tensile, 527gm/3"; 
CD Stretch, 4.9%; WCB, 5.6 cnvVg; LER, 55.6%; WS, 
62.9%. 

15 Example 11 

An uncreped throughdried tissue was produced 
using the method substantially as described in Exam- 
ple 10 except that the basis weight was targeted for 

20 1 0.9 kg/267.55 m 2 (24 lbs/2880 sq.f t). 

The resulting uncreped throughdried sheet had 
the following properties: Basis Weight; 10.93 
kg/267.55 m 2 (24.1 lbs/2880 sq. ft.), MD Tensile, 
731gm/3"; MD Stretch, 17.1%; CD Tensile, 

25 493gm/36; CD Stretch, 4.9%; WCB, 5.3 cm 3 /g; LER, 
55.8%; WS, 64.4%. 

Example 12 

30 An uncreped throughdried tissue was produced 
using the method substantially as described in Exam- 
ple 10 except that the dispersed, debonded eucalyp- 
tus was replaced with dispersed, debonded southern 
hardwood. The resulting uncreped throughdried 

35 sheet had the following properties: Basis Weight; 9.2 
kg/267.55 m 2 (20.3 lbs/2880 sq.ft), MD Tensile, 
747gm/3"; MD Stretch, 17.5%; CD Tensile, 507gm/3"; 
CD Stretch, 5.5%; WCB, 5.4 cm% LER, 53.6%; WS, 
60.8%. 

40 

Example 13 

An uncreped throughdried tissue was produced 
using the method substantially as described in Exam- 

45 pie 10 except that: the basis weight was targeted for 
8.2 kg/267.55 m 2 (18 lbs/2880 sq.ft); ALindsay T-216- 
3A throughdrying fabric was employed and Berocell 
596 was used for the debonder. The sheet was further 
calendered in converting. The resulting uncreped 

so throughdried sheet had the following properties: Ba- 
sis Weight; 7.95 kg/267.55 m 2 (17.5 lbs/2880 sq.ft), 
MD Tensile, 1139gm/3"; MD Stretch, 21.2%; CD Ten- 
sile, 1062gm/3 w ; CD Stretch, 6.8%; WCB, 5.23 cm 3 /g; 
LER, 53.4%; WS, 64.2% 

55 It will be appreciated that the foregoing exam- 

ples, given for purposes of illustration, are not to be 
construed as limiting the scope of this invention, 
which is defined by the following claims and all equiv- 
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alents thereto. 



Claims 

1. A method of making a tissue sheet comprising the 
steps of: 

a. providing a web comprising papermaking 
fibers and water on a forming fabric; 

b. optionally transferring the web from the 
forming fabric to a transfer fabric traveling at 
a speed of from about 10 to about 80% slower 
than the forming fabric; 

c. transferring the web to a throughdrying fab- 
ric having from about 5 to about 300 impres- 
sion knuckles per 6.45 cm 2 (1 square inch) 
which are raised at least about 0.12 mm 
(0.005 inch) above the plane of the fabric, 
wherein the web is macroscopically rear- 
ranged to conform to the surface of the 
throughdrying fabric; and 

d. throughdrying the web. 

2. The method of claim 1 wherein the transfer fabric 
has from about 5 to about 300 impression knuck- 
les per 6.45 cm 2 (1 square inch) which are raised 
about 0.12 mm (0.005 inch) or greater above the 
plane of the transfer fabric. 

3. Amethodof making a tissue sheet comprising the 
steps of: 

a. providing a web comprising papermaking 
fibers and water on a forming fabric; 

b. transferring the web to a transfer fabric 
traveling at a speed of from about 10 to about 
80 % slower than the forming fabric, said 
transfer fabric having from about 5 to about 
300 impression knuckles per 6.45 cm 2 (1 
square inch) which are raised at least about 
0.12 mm (0.005 inch) above the plane of the 
transfer fabric, wherein the web is macro- 
scopically rearranged to conform to the sur- 
face of the transfer fabric; and 

c. transferring the web to a throughdrying fab- 
ric and drying the web. 

4. The method of one of the preceding claims 
wherein the step (a) further comprises the steps 
of: 

depositing an aqueous suspension of pa- 
permaking fibers having a consistency of about 
1% or less onto a forming fabric to form a wet 
web; and 

dewatering the wet web to a consistency of 
from about 20 to 30 %. 

5. The method of one of the preceding claims 
wherein the number of impression knuckles in the 



throughdrying fabric and/or the transfer fabric is 
from about 10 to about 150 per 6.45 cm 2 (1 
square inch), or from about 10 to about 75 per 
6.45 cm 2 (1 square inch). 

5 

6. The method of one of the preceding claims 
wherein the throughdried web is calendered. 

7. The method of one of the preceding claims 
10 wherein the throughdried web is creped. 

8. The method of one of claims 1 to 6 wherein the 
throughdried web is uncreped. 

15 9. A method of making a soft uncreped throughdried 
tissue product especially according to one of the 
preceding claims comprising: 

a. forming an aqueous suspension of paper- 
making fibers having a consistency of about 

20 20 percent or greater; 

b. mechanically working the aqueous suspen- 
sion at a temperature of about 60°C (about 
1 40°F) or greater provided by an external heat 
source with a power input of about 0.736 kW- 

25 day (about 1 horsepower-day) per ton of dry 

fiber or greater; 

c. diluting the aqueous suspension of mech- 
anically worked fibers to a consistency of 
about 0.5 percent or less and feeding the di- 

30 luted suspension to a layered tissue-making 

headbox providing two or more layers; 

d. including a temporary or permanent wet 
strength additive in one or more of said layers; 

e. depositing the diluted aqueous suspension 
35 onto a forming fabric to form a wet web; 

f. dewatering the wet web to a consistency of 
from about 20 to about 30 percent; 

g. transferring the dewatered web from the 
forming fabric to a transfer fabric traveling at 

40 a speed of from about 1 0 to about 80 percent 

slower than the forming fabric; 

h. transferring the web to a throughdrying fab- 
ric whereby the web is macroscopically rear- 
ranged to conform to the surface of the 

45 throughdrying fabric; 

i. throughdrying the web to final dryness; and 
j. calendering the web. 

10. A throughdried tissue sheet, especially an uncre- 
50 ped throughdried tissue sheet, having a basis 
weight of from about 1 0 to 70 g/m 2 and from about 
5 to about 300 protrusions per 6.45 cm 2 (1 square 
inch) having a height of about 0.12 mm (about 
0.005 inch) or greater which corresponds to im- 
55 pression knuckles on the throughdrying fabric 

and/or the transfer fabric, said tissue sheet hav- 
ing a cross-machine direction stretch of about 9% 
or greater. 
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11. The tissue sheet of claim 10 having from about 10 
to about 150 protrusions per 6.45 cm 2 (1 square 
inch). 

12. The tissue sheet of one of claims 10 or 11 having 
from about 10 to about 75 protrusions per 6.45 
cm 2 (1 square inch). 

13. The tissue sheet of one of claims 10 to 12 having 
from about 10 to about 50 protrusions per 6.45 
cm 2 (1 square inch). 

14. The tissue sheet of one of claims 10 to 13, where- 
in the height of the protrusions is from about 0.12 
mm (about 0.005 inch) to about 1.3 mm (about 
0.05 inch). 

15. The tissue sheet of one of claims 10 to 14 wherein 
the height of the protrusions is from about 0.12 
mm (about 0.005 inch) to about 0.762 mm (about 
0.03 inch). 

16. The tissue sheet of one of claims 10to 15 wherein 
the height of the protrusions is from about 0.25 
mm (about 0.01 inch) to about 0.51 mm (about 
0.02 inch). 

17. The tissue sheet of one of claims 10 to 16 having 
a cross-machine direction stretch of from about 
1 0 to about 25 percent. 

1 8. The tissue sheet of one of claims 1 0 to 1 7 having 
a cross-machine direction stretch of from about 
10 to about 20 percent. 

19. The tissue sheet of one of claims 10 to 18 having 
a bulk of about 12 cm 3 /g or greater. 

20. The tissue sheet of one of claims 10 to 19 having 
a bulk of from about 12 to about 25 cm 3 /g. 

21. The tissue sheet of one of claims 10 to 20 having 
a bulk of from about 15 to about 20 cm 3 /g. 

22. The tissue sheet of one of claims 10 to 21 having 
a flexibility, as measured by the ratio of the geo- 
metric mean modulus to the geometric mean ten- 
sile strength, of 4.25 km per kg or less. 

23. The tissue sheet of one of claims 1 0 to 22 having 
a flexibility, as measured by the ratio of the geo- 
metric mean modulus to the geometric mean ten- 
sile strength, of from about 2 to about 4.25 km per 
kg. 

24. The tissue sheet of one of claims 1 0 to 23 having 
a Wicking Rate of about 6.35 cm (about 2.5 in- 
ches) per 15 seconds or greater. 



25. The tissue sheet of one of claims 10 to 24 having 
a Wicking Rate of from about 6.35 to 10.16 cm 
(about 2.5 to about 4 inches) per 15 seconds. 

5 26. The tissue sheet of one of claims 10 to 25 having 
a Wicking Rate of from about 7.62 to about 8.89 
cm (about 3 to about 3.5 inches) per 15 seconds. 

27. The tissue sheet of one of claims 10 to 26 having 
10 an Absorbent Capacity of about 12 grams per 

gram or greater. 

28. A throughdried tissue sheet especially according 
to one of claims 10 to 27 having a basis weight of 

15 from about 10 to about 70 g/m 2 and from about 5 
to about 300 protrusions per 6.45 cm 2 (1 square 
inch) which correspond to impression knuckles of 
the throughdrying fabric, said tissue sheet having 
a bulk of about 12 cm 3 /g or greater. 

20 

29. The tissue sheet of one of claims 10 to 28 having 
a bulk of from about 12 to about 25 cm 2 /g. 

30. The tissue sheet of one of claims 10 to 29 having 
25 a bulk of from about 15 to about 20 cm 3 /g. 

31. The tissue sheet of one of claims 10 to 30 having 
an Absorbent Capacity of about 11 or greater. 

30 32. The tissue sheet of one of claims 28 to 31 having 
a CD stretch of about 9 percent or greater. 

33. The tissue sheet of one of claims 28 to 32 having 
a flexibility, as measured by the ratio of the geo- 

35 metric mean modulus to the geometric mean ten- 
sile strength, of about 4.25 or less. 

34. A tissue sheet especially according to one of 
claims 10 to 33 having a basis weight of from 

40 about 10 to about 70 g/m 2 and from about 5 to 
about 300 protrusions per 6.45 cm 2 (1 square 
inch) which correspond to impression knuckles of 
a papermaking fabric, said tissue sheet having a 
bulk of about 12 cm 3 /g or greater and a flexibility, 

45 as measured by the ratio of the geometric mean 
modulus to the geometric mean tensile strength, 
of about 4.25 or less. 

35. The tissue sheet of one of claims 1 0 to 34 having 
so a MD stiffness value of about 100 kg-um 1/2 or 

less. 

36. The tissue of one of claims 10 to 35 wherein the 
tissue is uncreped. 

55 

37. The tissue of one of Claims 1 0 to 36 wherein the 
MD Stiffness value is about 75 kg-^m 1/2 or less. 
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38. The tissue of one of claims 10 to 37 wherein the 
MD Stiffness value is about 50 kg-um 1 ' 2 or less. 

39. A calendered uncreped throughdried tissue 
sheet, su itable for facial or bathroom tissue, hav- 5 
ing a basis weight of from about 1 0 to 70 g/m 2 and 
from about 5 to 300 protrusions per 6.45 cm 2 (1 
square inch) which correspond to impression 
knuckles on the throughdried fabric, said tissue 
having a bulk of about 7.0 cm 3 /g or greater. 10 

40. The tissue of claim 39 having a CD stretch of 
about 4 percent or greater. 

41. The tissue of one of claims 39 or 40 having an Ab- 15 
sorbent Capacity of about 9.0 or greater. 

42. The tissue of one of claims 39 to 41 having an MD 
Stiffness value of about 100 kg-um 1/2 or less. 

20 

43. The tissue of one of claims 39 to 42 having an MD 
Stiffness value of about 75 kg-*im 1/2 or less. 

44. The tissue of one of claims 39 to 43 having an MD 
Stiffness value of about 50 kg-\um m or less. 25 

45. A soft tissue product having one or more plies, 
said tissue having a WCB of about 4.5 or greater, 
an LER of about 50 percent or greater and a WS 

of about 50 percent or greater. 30 

46. The tissue product of claim 45 having a WCB of 
about 5.0 or greater. 

47. The tissue product of one of claims 45 or 46 hav- 35 
ing an LER of about 55 percent or greater. 

48. The tissue product of one of claims 45 to 47 hav- 
ing a WS of about 60 percent or greater. 

40 

49. The tissue product of one of claims 45 to 48 
wherein the plies are throughdried plies. 

50. The tissue product of one of claims 45 to 49 
wherein the plies are uncreped throughdried 45 
plies. 
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FIG. 7 A 
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FIG. 8 
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FIG. 9A 
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FIG. 10A 
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FIG. 11 
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